Background and aims Studies examining predictors of survival among the oldest-old have primarily focused on objective measures, such as physical function and health status. Only a few studies have examined the effect of personality traits on survival, such as optimism. The aim of this study was to examine whether an optimistic outlook predicts survival among the oldest-old. When confounding factors such as baseline physical and cognitive functioning and disease were taken into account the association between optimism and survival weakened in both sexes, but the general pattern persisted. Optimistic women were still at lower risk of death compared to neutral women [HR 0.85,]. The risk of death was also decreased for optimistic men compared to their neutral counterparts, but the effect was non-significant [HR 0.91, 95 % CI (0.73-1.13)]. Conclusion An optimistic outlook appears to be a significant predictor of survival among the oldest-old women. It may also be a significant predictor for men but the sample size is small.
Introduction
Do optimists live longer than pessimists? Since ancient times, negative emotions have been thought to play an essential role in the etiology of physical disease. Empirically, a number of studies have linked negative psychological states to adverse health outcomes. For example, depression and anxiety are associated with a higher risk of coronary heart disease (CHD), disability, or all cause mortality [1] [2] [3] [4] [5] . In recent decades, the interest in ''positive psychology'', i.e., the relation between positive psychological well-being and physical health, has increased substantially [6, 7] .
To have a positive outlook or to be optimistic may pose an independent health benefit to the individual [8, 9] . A recent review examining the link between optimism and various physical health outcomes such as mortality, survival, pain, cardiovascular and cancer outcomes, and physiological markers (including immune function) indicates that optimism is a significant predictor of positive physical health outcomes [8] . Specifically, prospective epidemiological studies have related optimism to a reduced risk of all cause [10, 11] and cardiovascular mortality [12] , CHD [13, 14] , and depression [15] in healthy populations. In diseased populations, optimism is associated with a lower level of re-hospitalization following coronary artery bypass grafting [16] , better long-term psychological well-being after treatment for early stage breast cancer in women [17] , and a better survival in a group of head-and neck cancer patients [18] and self-referred medical patients [19] .
Optimism is conceptualized in two rather different ways, as explanatory style optimism [20, 21] , and as dispositional optimism [22, 23] . Explanatory style optimism refers to the way an individual explains the causes of uncontrollable bad life events, whereas dispositional optimism refers to the generalized positive expectation that good things rather than bad things will happen in the future. The two different measures of optimism do not seem to correlate strongly with each other [24] and thus may represent different aspects of psychological wellbeing.
Studies examining predictors of survival among the oldest-old have primarily focused on objective measures, such as socio-demographic variables, physical and cognitive function, and health status [25] [26] [27] . In contrast, only few studies have examined personality traits as predictors of survival, such as optimism [8, 10, 12] . In this study we focused on a measure of dispositional optimism. The objective was to test whether optimistic individuals had a survival advantage compared to less optimistic individuals among 2,262 nonagenarians in the Danish 1905 Cohort Survey, controlling for baseline health and function.
Methods

Study population
The Danish 1905 Cohort Survey is a nationwide longitudinal survey comprising all individuals born in Denmark in 1905 identified through the Danish Civil Registration System (CRS). At baseline in 1998 a total of 3600 individuals aged 92-93 were still alive in the cohort, and of these 2,262 agreed to participate in the baseline interview (63 %). A non-response analysis showed no differences with respect to housing, marital status or hospitalization patterns between responders and non-responders. The baseline in-person interview consisted of a comprehensive questionnaire covering socio-demographic variables, health behavior, self-reported diseases, cognitive testing and self-reported activities of daily living (ADL), and a question about whether the respondent had an optimistic, neutral or pessimistic outlook on his or her own future. The question about optimism was previously used in the Cambridge Mental Disorders of the Elderly Examination (CAMDEX) interview schedule [28] . Among the 2,262 participants at baseline, 448 participated via a proxy. Because proxy information was not available for the question about optimism only 1,814 participants (80.2 %) were approached about that particular item. The 1905 Cohort Survey has been described in greater detail by Nybo et al. [29] . The Ethical committee system in Denmark approved the study (trial number VF20040240).
Measures
Predictors of survival during the first 15 months of followup have previously been examined in the 1905 Cohort Survey [25] . Results showed that otherwise well-known predictors of death in younger age groups such as sociodemographic factors (educational attainment and marital status) and health behavior (smoking, obesity, and alcohol consumption) did not prove to be significant risk factors for death among the oldest-old. However, a high disability level, poor physical and cognitive performance, and poor self-rated health (only in women) continued to be important predictors of mortality. The variables included in this study as confounders were based on the previous findings by Nybo et al. [25] and on knowledge about covariates of a priori importance for the association under study. Baseline socio-demographic characteristics in the 1905 Cohort Survey are described elsewhere [30] .
Dispositional optimism was measured by one question: ''How do you feel about your own future?'' Answer categories were ''optimistic'', ''neutral'' or ''pessimistic''. Respondents who answered ''neutral'' to this question served as the reference group in the regression analyses.
Disability was assessed using a modified version of the Katz Index of Activities of Daily Living (Katz ADL) [31] that includes basic ADLs such as bathing, dressing, toileting, transferring, continence and feeding. The question about continence was not included in the 1905 Cohort Survey and therefore excluded from the present analysis. The remaining five ADL items were coded as binary variables identifying respondents who were able to perform the particular item independently with or without the use of assistive devices but with no guidance or personal assistance. A disability score was calculated reflecting how many ADL items the respondent was able to perform independently. Respondents were categorized as ''Independent'' if they could perform all of the five ADL items independently, ''Moderately disabled'' if they were independent in 3-4 items, and ''Severely disabled'' if they were independent in 0-2 items.
Cognitive function was measured using the Mini Mental State Examination (MMSE) developed by Folstein et al. [32] . The MMSE assesses different areas of cognitive function: orientation, registration, calculation, recall, and language. The correct scores of each area are summed to a maximum score of 30 points. In the present study, the summary scores were divided into three categories reflecting ''No cognitive impairment'' (24-30 points), ''Mild cognitive impairment'' (18-23 points), and ''Severe cognitive impairment'' (0-17 points) following the conventions established in the Epidemiologic Catchment Area Studies in the USA [33] . Missing information due to nonresponse or refusal in the MMSE was scored as zero points following the recommendations by Fillenbaum et al. [34] .
Self-reported diseases were assessed according to a list of 31 chronic conditions and diseases, and respondents were asked whether they were ever told by a physician that they suffered from any of them. The diseases included in this study were divided into five categories: (1) osteoarthritis, rheumatoid arthritis, osteoporosis, cataract, and glaucoma, categorized as ''Non-fatal chronic disease''; (2) chronic bronchitis and asthma, categorized as ''Chronic lung disease''; and (3) stroke, heart attack, angina pectoris, irregular heart rhythm, treatment for hypertension with prescription medicine, other heart problems, heart failure, and insufficient blood circulation in the legs, categorized as ''Circulatory disease''. The fourth category was cancer (except for skin cancer) and the fifth category was diabetes. Each disease category was a binary variable identifying respondents who had been diagnosed with at least one of the diseases included in the particular disease category.
Vital statistics data A total of 3,600 individuals were still alive in the 1905 birth cohort at intake in 1998. Date of death was retrieved for the total cohort through the Danish CRS. By the end of follow-up on 31 December 2009 only 38 (1 %) individuals were still alive in the cohort, and of these 22 participated in the baseline interview. Two persons emigrated since intake but before the end of follow-up, and one of these participated in the baseline survey. Thus, of the 2,262 persons participating in the baseline survey 2,239 persons (99 %) had died during the 12-year follow-up, and one was lost to follow-up due to emigration. For the 22 individuals still alive at follow-up right censoring was done on 31 December 2009, and for the person who emigrated on the day of emigration (12 April 1999) . Respondents in the 1905 Cohort Survey were followed up from the day of the baseline interview until death, emigration or end of followup on 31 December 2009, whichever occurred first. For three respondents the interview date was missing. Further examination revealed that one was interviewed in March and two in May 1998. Consequently, the missing interview dates were replaced by 15 March 1998, and 15 May 1998, respectively.
Statistical analyses
The Kaplan-Meier method was used to examine crude survival proportions within the groups of optimistic, neutral and pessimistic individuals, and the Log rank test was applied to test if survival distributions differed significantly between groups. Differences between groups on categorical variables were tested using the Pearson Chi Square test. Multivariable Cox regression models were used to derive hazard ratios (HR) and corresponding 95 % confidence intervals (95 % CI) of death according to optimism controlling for relevant confounders. All analyses were stratified by sex to detect any gender differences. To determine the effect of each covariate on survival mortality rates and their corresponding 95 % confidence intervals were computed. The final multivariable Cox regression model included adjustment for cognitive function, ADL, and self-reported diseases, and all variables were treated as categorical. The assumption of proportional hazards was assessed by martingale residuals [35] and was satisfied for optimism in both men and women. Time varying effects of ADL and non-fatal chronic disease for men and of MMSE, ADL and diabetes for women were detected but subsequent correction did not change estimates. Therefore, only the uncorrected results are presented in the following. Potential interaction between optimism and the remaining covariates in the model were tested using the Likelihood Ratio test, and this revealed a weak interaction between optimism and ADL for women: optimism appeared to be less important for survival in women who were independent in ADL, although nonsignificant. Statistical tests of the regression estimates were based on Wald statistics and a p value of \0.05 was considered statistically significant. Robust standard errors were used to derive corresponding 95 % CI for each regression estimate. Analyses were performed using STATA, version 11.1, STATA Corporation [36] .
Results
Information about optimism was available for 1,682 respondents in the 1905 Cohort Survey, of these 1,229 were women and 453 were men. A total of 546 (32.5 %) respondents reported themselves as optimistic, 942 (56.0 %) were neutral, and 194 (11.5 %) were pessimistic. Men were more optimistic than women (37.1 % vs. 30.8 %, p = 0.048). Still, men incurred higher mortality rates than their female counterparts ( Table 1 ). The highest prevalence of chronic disease at baseline was found for non-fatal chronic disease (68.3 %) and circulatory disease (58.5 %) and in both disease categories women accounted for the highest proportion. With respect to chronic lung disease, cancer (except for skin cancer) and diabetes the prevalence was much lower in the total study population, 13.1, 7.4 and 7.2 %, respectively. As expected, mortality rates were higher among both pessimistic and diseased respondents (except for those with non-fatal chronic disease), and in those who were cognitively impaired or physically disabled (Table 1) . Figure 1 displays the Kaplan-Meier survival curves for optimistic, neutral and pessimistic respondents, stratified by sex. In both sexes, optimists lived longer than did neutral or pessimistic respondents, although more pronounced in women than men. The median survival time in optimistic women was 4.1 years (95 % CI, 3.7-4.4) compared to 3.4 (95 % CI, 3.1-3.6) and 2.6 years (95 % CI, 2.3-3.1) among neutral and pessimistic women, respectively. The corresponding figures for men were 2.7 years (95 % CI, 2.2-3.5), 2.4 years (95 % CI, 2.1-2.8), and 2.1 years (95 % CI, 1.4-2.9), respectively.
Univariable analyses revealed that women and men who had an optimistic outlook on their future were at lower risk of death compared to their neutral counterparts [HR 0.82, 95 % CI (0.73-0.93) and 0.81, 95 % CI (0.66-0.99), respectively] ( Table 2) . When ADL, cognitive functioning and self-reported disease were taken into account the association between optimism and survival weakened in both sexes, but the general pattern persisted. Women who were optimistic were still at lower risk of death compared to neutral women [HR 0.85, 95 % CI (0.74-0.97)]. In optimistic men, the corresponding hazard ratio was also decreased, but the effect was non-significant [HR 0.91, 95 % CI (0.73-1.13)].
Pessimistic women and men compared to their neutral counterparts had an increased risk of death in crude analyses (Table 2) . Adjustment for confounding variables attenuated the association in both women and men, and the effect of being pessimistic was non-significant [HR 1.06, 95 % CI (0.87-1.30) and 1.06, 95 % CI (0.78-1.43), respectively]. Figure 2 displays the Kaplan-Meier survival curves according to a sensitivity analysis where all deaths in the first 2 years after baseline were discarded to rule out residual confounding from serious chronic disease at baseline. Still, beyond 2 years of observation time, optimistic respondents had a survival advantage compared to neutral and pessimistic individuals in both women (Log rank test, p = 0.009) and men (Log rank test, p = 0.041) (Fig. 2) .
The total number of missing responses to the question about optimism was 580 (25.6 %) (449 women and 131 men), of which 448 (358 women and 90 men) were due to proxy interviews where the question about optimism was not asked. The main reason for carrying out a proxy interview was dementia [29] . Proxy respondents were also significantly more severely disabled than those who went through a personal interview (65.6 vs. 15.3 %, p \ 0.001). Of the 1,814 non-proxy respondents 132 persons (7.3 %) provided no information about optimism (of which 90 persons responded ''do not know'' to the question). Compared to the 1,682 respondents who answered the question about optimism, these 132 persons were significantly more severely cognitively impaired (46.1 vs. 21.7 %, p \ 0.001) and severely disabled (28.8 vs. 14.2 %, p \ 0.001). The MMSE had a total of 452 missing responses, of which 448 were due to proxy interviews. Missing responses to the remaining variables included in the study ranged from 0 to 1 %.
Discussion
These prospective data demonstrate an association between optimism and survival in the oldest-old segment of the population even when health and function is controlled for. In a cohort of Danish nonagenarians followed up over a 12-year period, optimistic nonagenarians lived longer than 
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their more neutral counterparts, although more pronounced in women than men. Similarly, pessimists were at increased risk of death in both sexes, but this association did not reach statistical significance. Our findings are consistent with those from other prospective studies carried out in younger cohorts [10] [11] [12] . Optimism appeared to be a significant predictor of survival, although more pronounced in women than men. This may be explained by the small sample size of men compared to women, i.e., a matter of study power, but the gender differences in the association between optimism and survival also could suggest optimism to be a more important predictor of survival among oldest-old women compared to oldest-old men. This is in agreement with the observation of a ''Male-Female Health-Survival Paradox'', i.e., despite better self-reported health and functioning, males have higher mortality [37] . To our knowledge, only one other study focused on sex differences in the association between optimism and survival in a cohort of elderly men and women aged 65-85 years [10] . Contrary to our results, this study found a more pronounced effect of optimism on all cause mortality among men when adjustment was made for age, health behavioral factors and socio-demographic variables [10] . Another study examined sex differences as part of their preliminary analysis, but concluded that the association between optimism and survival was not materially different between men and women in their sample [11] . The less pronounced effect of pessimism on survival in our study may be explained by the low proportion of pessimistic respondents (11.5 %).
Our study had important strengths. First, no exclusion criteria were employed in the 1905 Cohort Survey, i.e., every person born in 1905, including individuals who were living in nursing homes, were approached as potential respondents. Also, the response rate at baseline was relatively high for this age group (63 %), and the non-response analysis showed no difference between responders and non-responders with respect to housing, marital status or hospitalization patterns [29] . Second, due to the completeness of the Danish CRS the follow-up for vital status was complete (only one person was lost to follow-up due to emigration). Third, to our knowledge, no previous study has employed a follow-up period of 12 years in a population of nonagenarians.
The measure of optimism employed in this study was a one-item measure. Other studies examining the effect of optimism on survival utilized different scales, such as the Optimism-Pessimism Scale (PSM) of the Minnesota Multiphasic Personality Inventory (MMPI) measuring explanatory style optimism [38] or the life orientation test (LOT) measuring dispositional optimism [22] . We did not validate our measure of optimism against other specific scales, but the results of our study show that the simple question about the respondents' outlook on their own future is predictive of survival.
The question is whether the association between optimism and survival in this study is genuine, or if residual confounding accounts for the displayed associations. The risk of substantial residual confounding was minimized by the adjustment for factors previously shown to predict survival in this population. However, potential residual confounding concerning chronic disease may be present, even after adjustment for prevalent disease at baseline. For example, if a respondent suffers from cancer at baseline this would only add a single count to the self-reported disease score and probably not have much effect on either the physical disability or cognitive disability measures. Yet it could depress the sense of optimism. To examine the robustness of our analyses and to rule out that our results could be explained by residual confounding from the presence of serious chronic disease at baseline, we discarded all deaths during the first 2 years after the baseline interview. Still, beyond 2 years of observation time, optimistic respondents had a survival advantage compared to neutral and pessimistic individuals in both women and men (Fig. 2) .
Consistent with earlier studies, the present study showed optimism to be a possible predictor of survival even after adjustment for a number of baseline confounding factors. Whether the association between optimism and survival is causal or whether the effect of optimism is mediated through underlying pathways remains, however, an unresolved question. Behavioral differences between optimists and pessimists may exert their effect in favor of better survival. For example, optimists compared to pessimists appear to adopt more favorable and effective coping strategies in the face of adversity [39, 40] , and optimists are more likely than pessimists to proactively engage in health promoting behavior [41, 42] . Such important behavioral differences between optimists and pessimists may act as mediators in the association between optimism and survival, and thus may represent key variables to include and explore in future studies examining optimism as a predictor of physical health.
Conclusions
In conclusion, we found an inverse relationship between optimism and mortality in a Danish cohort of oldest-old women. Optimists enjoyed increased longevity whereas pessimists incurred higher death rates compared to neutral individuals. After discarding all deaths during the first 2 years after baseline, optimistic individuals still had a survival advantage compared to neutral and pessimistic individuals in both women (Log rank test, p = 0.009) and men (Log rank test, p = 0.041) 
